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成吸附性能良好的 MLP（Modified Lanthanide Polishing Powder）磷吸附材料。
实验室制备的适宜条件为：硫酸浓度为 2 mol/L；酸加热温度为 90℃；加碱中和
沉淀后的干燥温度为 80℃，制备的吸附材料的磷吸附量达到 1.03mmol/g，为原
材料的 100 倍。 
采用间歇式静态吸附实验对 MLP 磷吸附材料的吸附性能进行的研究结果表
明，吸附过程受到 pH 值影响较大，酸性条件下的吸附要好于碱性条件下的吸附，







伴随有 Freundlich 吸附现象的发生。在 Langmuir 吸附等温方程的基础上推导出
该反应为属于熵驱动过程的吸热反应，估算出吸附热为+34.87 kJ/mol。对解吸
的初步研究结果发现，使用后吸附材料的 佳解吸条件为：脱附剂 NaOH 浓度为



















In view of solid waste recycling and development and utilization of high 
effective phosphorus adsorption material, this research has discussed an effective 
way of converting waste rare earth polishing powder into MLP (Modified 
Lanthanide Polishing Powder) phosphorus adsorption material. It promises an 
approach to advanced phosphorus removal and solid waste recycling. 
It was found that the raw waste material could be transformed into a feasible 
phosphate adsorption agent by acid treatment under heating followed by alkaline 
treatment. The preferential transformation condition was the following: sulfuric acid 
concentration 2 mol/L, heating temperature 90℃, and drying temperature 80℃, 
respectively. 
Adsorption performance of MLP adsorption material was studied by a series of 
batch adsorption experiments. It was verified that MLP adsorption material could 
keep rather high adsorption ability at a wide pH range of 4-10, whereas common 
coexistent anions such as Cl-, SO42-, and NO3- have had little adverse influence. 
The adsorption rates at low pH and at low initial phosphorus concentrations 
were faster than that at high pH value and at high concentrations, and were fast 
enough at the beginning stage in spite of different pH and concentrations. The 
adsorption reaction was tentatively first-order reaction by fitting Lagergren equation. 
The reaction could be divided into two stage, the first stage was diffuse controlled 
reaction and the second was chemisorption controlled one.  
The adsorption isotherm study concluded that Langmuir adsorption dominated 
the reaction and Freundlich adsorption also played a role. An adsorption heat of ＋
34.87 kJ/mol was determined based on the Langmuir adsorption isotherm, indicating 
that the adsorption was endothermic and entropy-driven. 
Desorption study showed that the appropriate desorption condition of adsorbed 
MLP adsorption material was 100 mL NaOH of 2 mol/L. Resorption study proved 
that it was very likely to regenerate adsorbed MLP adsorption material and to reuse 
it. 
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Table 1-1 Summary of pertinent reactions during the
precipitation of phosphorus with lime,alum,and iron
污泥中的化学成分
( )
( ) ( ) ( ) ( )
( ) ( )
( )
2+ 3





1. 10Ca 6PO 2OH Ca PO OH          Ca PO OH   
2. Mg 2OH Mg OH                                        Mg OH

















1. Al PO AlPO                                                  AlPO
2. 2Al 3OH Al OH                                          Al OH
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Table 1-2 Summary of recent research on phosphorus removal by various adsorbents
人工合成































水合氧化镧 Langmuir 单分子层化学吸附 














Ugurlu et al.1998[26] 火电厂飞灰 Freundlich 吸附与沉淀共同作用
人工改性
Wasay et al.1996[24] 负载镧硅胶 Langmuir 化学吸附
仿水滑石化合物 Langmuir 无研究
















Langmuir 物理和化学吸附综合作用海绵铁王萍 et al.2003[36]

























我国具有丰富的铈资源, 据测算, 其工业储量约为 1800 万吨(以 2CeO  
计)
[41]
 。稀土抛光粉的主要成分是 2CeO , 据其 2CeO  量的高低可将铈抛光粉分
为两大类
[42]
: 一类是 2CeO 含量高的价高质优的高铈抛光粉, 一般 CeO2/TREO ≥ 
80% , 另一类是 2CeO  含量低的廉价的低铈抛光粉, 其铈含量在 50% 左右, 或
者低于 50% ,其余由 2 3La O , 2 3Nd O , 6 11Pr O 组成。对于高铈抛光粉来讲, 氧化铈
的品位越高, 抛光能力越大, 使用寿命也增加, 特别是硬质玻璃长时间循环抛
光时(石英、光学镜头等) , 以使用高品位的铈抛光粉为宜。低铈抛光粉一般含








年份 2002/t 2003/t 2004/t
CRT 1430 1760 2580
LCD 500 540 620
工业仪表 150 160
眼镜、移动电话 800 800
光学元件 100 160 220
装饰工艺品 300 450 500
其他 120 130
总计 3400 4000 5000 5800
表 1-3 国内稀土抛光粉的主要应用领域及用量
Figure 1-3 main application fields and quantities of rare earth
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